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sector	 buildings	 is	 not	 equal:	 annual	 unit	 consumption	 per	 m2	 for	 residential	 is	 200	
kWh/m2,	while	non‐residential	amounts	to	300	kWh/m2.	
	











of	 residential	 energy‐use	 are	 space‐heating	 and	 space‐cooling	 (e.g.	 air	 conditioning),	
accounting	for	over	half	of	residential	energy	use,	but	other	uses	include	water	heating,	
lightning,	electronics,	refrigeration,	cooking,	washing/drying	etc.	Figure	2.3	presents	the	
exact	breakdown	 for	European	countries.	What	can	be	seen	 is	 that	space	heating	very	














in	 the	 PLEEC	 partner	 cities’	 countries.	 Also	 notable	 is	 the	 decrease	 of	 this	 share	 over	
time.	According	to	Enerdata	(2012),	this	can	be	attributed	to	technical	energy	efficiency	















However,	 regarding	 the	main	uses	of	building	energy	 consumption	–	heating	and	 to	a	
lesser	extent	cooling	–	urban	planning	makes	a	difference.	Estimating	the	total	possible	
impact	of	planning	and	urban	form	on	residential	energy	consumption	is	difficult	given	









The	 impact	of	urban	planning	on	residential	 (or	office)	heating	and	cooling	 is	 through	














In	 this	 chapter,	we	will	 further	explore	 the	 relationships	between	urban	planning	and	
building	energy	use	as	they	have	been	identified	in	the	scholarly	literature	(section	2.3).	












Figure	2.6).	 Several	 European	 countries,	 including	Estonia,	managed	 to	 decrease	 their	
residential	 energy	 consumption	 to	 a	 level	 even	below	 the	1990	 consumption.	 In	most	







































Inh.	per	km²	 Eskilstuna	 Jyväskylä Santiago Stoke Tartu	 Turku
admin.	area	 91	 115	 437	 2695	 2522	 736	




	 Eskilstuna	 Jyväskylä Santiago Stoke Tartu	 Turku
Share	of	de‐





































However,	 there	 is	 a	 rebound	 effect.	 The	 decrease	 in	 energy	 consumption	 per	m2	 pre‐
sented	 in	Figure	11	 is	offset	 to	quite	a	substantial	extent	by	 the	 increase	 in	volume	of	
houses.	 In	 just	 20	 years	 the	 surface	 of	 houses	 grew	 by	 almost	 30%.	 As	 Figure	 2.12	




































































































Solar access guide – City of Boulder. 
In response to the diminishing supply and increasing cost of conventional energy resources, the City of Boulder enacted an 
ordinance to protect the use of solar energy. The ordinance guarantees access to sunlight for homeowners and renters in the 
city. This is done by setting limits on the amount of permitted shading by new construction and requiring that new buildings 
be sited to provide good solar access. The ordinance is designed to protect access for a four hour period on December 21st. 
The ordinance also sets standards for the siting of new development. It requires that all units in new developments which will 
not incorporate solar features include to the maximum extent possible: 
1. long axis within 30 degrees of east-west; 
2. roofs which are physically and structurally capable of supporting at least 75 square feet of solar collectors per dwelling 
unit;  
3. unimpeded solar access through the provisions of this ordinance or through private covenants. 
 






















































































Example: The Sacramento Shade program 
The aim of this programme is to let house owners make their home cooler and more energy efficient with free shade trees. 
The programme is funded by a local electricity company, the Sacramento Municipal Utility District (SMUD). It offers resi-
dents an excellent online tool (http://energysavingtrees.arborday.org/?partnerCode=07119#Start) to select the right type 
of trees for their location, get advice on siting them on their property. The trees are delivered to them free of charge within a 
couple of days. When the trees mature, it is expected that energy consumption for cooling in summer may be reduced by up 
to 40%.   
 
 

















































































































































































































































































































































































































































































































































































































	 ‐4,4 ‐3,2	 ‐1,2 ‐4,6 ‐2,4 ‐2,2	
Estonia	 ‐2,0 ‐2,5	 0,5 ‐3,6 ‐2,7 ‐0,9	
UK	 1,0 0,9	 0,1 ‐3,0 ‐0,3 ‐2,7	
Spain	 ‐3,6 ‐3,0	 ‐0,6 	
Sweden	 ‐6,2 ‐2,0	 ‐4,2 4,5 1,7 2,8	
Finland		 ‐1,0 ‐0,7	 ‐0,3 ‐2,3 ‐1,5 ‐0,8	




















































































































































































































































































































































































Transporting	people	 and	goods	accounts	 for	 almost	 a	 third	of	 all	 energy	 consumed	 in	
Europe.	Approximately	half	of	transport	energy	consumption	in	Europe	is	related	to	the	
movement	of	people	(passenger	transport);	the	other	half	is	related	to	the	movement	of	
goods	 (freight	 transport).	 This	 chapter	 focuses	 on	 the	 relationships	 between	 spatial	






ban	 form	encompasses	 a	 range	of	 characteristics	 including	 the	density,	 functional	mix	
(or	diversity),	clustering	and	design	of	urban	development.	Research	suggests	 that	ur‐
ban	 form	 can	have	both	direct	 and	 indirect	 impacts	 on	 transport	 demand	and	 energy	
use.	 Therefore,	 spatial	 planning	 policies	 provide	 a	way	 of	 influencing	 the	 demand	 for	
transport	and	the	energy	 it	consumes.	Clearly,	 spatial	planning	policies	are	 just	one	of	
several	 types	 of	 policies	 (alongside	 pricing	 policies,	 education	 and	 awareness	 policies	
and	 other	 regulations)	 that	 have	 the	 potential	 to	 reduce	 the	 energy	 consumption	 of	
transport	(Banister	at	al,	2000).	Other	types	of	policies	can	have	more	immediate	or	far‐
reaching	 effects	 than	 spatial	 planning	 policies.	 Nevertheless,	 planning	 policies	 offer	
some	 distinct	 advantages,	 including	 the	 potential	 to	 reduce	 transport	 demand	 and	









The	 term	 spatial	 planning	 used	 in	 this	 paper	 refers	 to	 various	 policy	 interventions	 at	
different	 scales	 that	 influence	 land	 use	 (or	 urban	 form).	 At	 the	 strategic	 level,	 spatial	







ban	 areas	 and	 transport	 infrastructure;	 (ii)	 size	 of	 development;	 (iii)	mixture	 of	 land	





LOCATION with respect to existing
towns, cities and infrastructure
STRUCTURE of development – size and
shape
LAND USE TYPE and overall mix
CLUSTERING/CONCENTRATION of
development
LAND USE MIX – level and scale of mix
DENSITY of development (population
and employment density)




















efficient	 transport	 consumption	 can	 also	 be	 found	 (see	 for	 example	 Hickman,	 2013),	
most	of	which	broadly	reflect	the	characteristics	contained	in	Figure	1.	These	typologies	
often	refer	to	the	“3Ds”	(density,	diversity	and	design),	“5Ds”	(density,	diversity,	design,	









different	 characteristics	 of	 urban	 form	 have	 been	 examined	 in	 these	 studies,	 ranging	
from	regional	to	local	in	scale,	and	travel	patterns	have	been	measured	in	a	number	of	






These	often	use	 regression	 analysis	 to	 isolate	 the	 variables	 of	 interest	 and	hold	other	
variables	 constant	 (e.g.	 demographic	 and	 socio‐economic	 characteristics).	 Although	
many	 cross‐sectional	 studies	 report	 statistically	 significant	 correlations	 between	 the	
built	 environment	 and	 transport	demand,	 they	 cannot	 identify	 causation	nor	 can	 they	
































Land	use	patterns	are	 likely	 to	have	both	direct	and	 indirect	 impacts	on	 transport	de‐
mand	and	transport	energy	consumption.	Conversely,	transport	demand	is	likely	to	have	






























The	 proximity	 of	 development	 to	 existing	 urban	 areas	 and	 transport	 infrastructure	 is	
closely	related	to	transport	energy	consumption.	In	general,	transport	energy	consump‐
tion	 increases	 as	 the	 distance	 to	 the	 nearest	 urban	 area	 increases.	 Meanwhile,	major	
transport	networks	can	be	a	powerful	influence	on	the	dispersal	of	both	residential	and	









distances	and	higher	 transport	energy	 consumption	as	 the	 separation	between	homes	
and	the	urban	centre	increases.	
	
The	mixing	of	land	uses	 affects	 the	physical	 separation	of	 activities	which	has	 implica‐














ties,	 which	 reduces	 travel	 distance.	 Fourthly,	 higher	 development	 densities	 are	 more	




for	 cycling	 and	 walking,	 can	 also	 influence	 travel	 demand	 and	 transport	 energy	 con‐
sumption.	‘Permeable’	street	designs,	in	combination	with	safe	attractive	routes	for	pe‐











































Settlement	size	 	 	 	 			 represents	potential	synergy	
			 represents	potential	conflict	
Mixture	of	land	uses	 	 	 		 	 	 	
Provision	of	local	facilities	 	 	 	 	 	 	
Development	density	 	 	 	 	 	 	
Development	layout	 	 	 	 	 	 	

































































In	 terms	of	 conflicts,	 larger	 settlements	may	 reduce	 the	provision	of	 local	 facilities	 (if	
these	facilities	are	available	in	the	central	urban	area)	unless	there	are	policies	to	pro‐
mote	 mixed	 use	 and/or	 policies	 to	 promote	 short	 distance	 trips.	 Close	 proximity	 to	








need	 to	 travel.	Examples	of	 complementary	measures	 include	parking	charges	and	re‐
strictions,	vehicle	and	fuel	taxes,	road	and	congestion	charging,	a	reduction	of	roadspace	
for	 cars	public	 transport,	 priority	measures	 restrictions	 in	 car	 access,	 and	 taxation	on	
developments	on	previously	undeveloped	(‘greenfield’)	land	(see	Stead,	1999b).	Most	of	
the	 complementary	 measures	 are	 likely	 to	 influence	 several	 land	 use	 characteristics,	
rather	than	one.	Some	measures	may	have	synergies	with	certain	land	use	characteris‐
tics	 but	 not	 with	 others.	 Road	 and	 congestion	 charging,	 for	 example,	 might	 promote	




vere	 (mainly	 urban	 areas)	 and	 encourage	 development	 outside	 the	 areas	 affected	 by	
road	 or	 congestion	 charging.	 This	may	 then	 lead	 to	 increased	 urban	 sprawl.	 Road	 or	
congestion	charging	may	also	act	 as	a	disincentive	 for	 some	people	 to	 live	or	work	 in	
urban	areas	and	increasing	the	demand	for	smaller	rather	than	larger	settlements.	
	








der	 to	 tackle	 transport	 energy	 consumption	 in	 all	 the	 case	 study	 cities.	 However,	 the	
types	and	scale	of	intervention	differ	from	city	to	city.	Some	plans	are	much	more	explic‐






ment	 primarily	 based	 on	 two	 urban	 form	 criteria:	 (i)	 proximity	 to	 the	 existing	 urban	
area	(and	rural	settlements)	and	transport	infrastructure;	and	(ii)	development	density.	
Several	different	sites	for	development	are	identified	in	the	plan	(Figure	4.6),	including	





The	 2012	 traffic	 plan	 for	 Eskilstuna	 also	makes	 reference	 to	 the	 links	 between	 urban	
structure	and	transport	energy	consumption.	It	identifies	the	need	to	increase	density	in	



















































2010	 4%	 67% 12% 17%	 ‐5,0
2020	 14%	 50% 24% 13%	 ‐9,4













and	concentration	of	development	 in	existing	urban	centres.	 In	order	 to	make	the	city	
centre	of	Jyväskylä	more	attractive	for	cycling	and	less	attractive	for	private	cars	(and	to	
reduce	 their	 use),	 the	 city	 has	 introduced	 speed	 reduction	 measures	 which	 restrict	




addressing	 transport	 energy	 issues	 is	 not	 explicitly	 stated	 (Fernandez	 Maldonado,	
2015).	However,	the	General	Plan	of	Urban	Development	attempts	to	steer	urban	devel‐









Figure	 4.9.	High‐density	 urban	 extension	 in	 the	 eastern	 part	 of	 Santiago	 in	 the	
Fontiñas	neighbourhood	
		
In	Stoke‐on‐Trent,	 the	Core	 Spatial	 Strategy	 (for	Newcastle‐under‐Lyme	 and	 Stoke‐on‐
Trent)	aims	to	 ‘minimise	the	adverse	impacts	of	climate	change	in	the	move	towards	zero	
carbon	growth	through	energy	efficiency,	promoting	the	use	of	renewable	energy	sources	
and	green	construction	methods…’.	 It	 identifies	several	policies	 that	are	relevant	 for	re‐
ducing	 transport	 energy	 consumption.	 For	 example,	 the	 strategy	 stipulates	 that	 new	
housing	will	be	primarily	directed	to	sites	within	the	inner	urban	cores,	existing	neigh‐
bourhoods	especially	urban	renewal	and	housing	intervention	areas	(Figure	4.10).	The	







pact	 and	 intensive	 development	 contained	 in	 the	 current	Master	 Plan	 for	 Tartu,	 new	
low‐density	residential	areas	are	mainly	planned	on	the	edge	of	the	city.	In	practice,	ur‐
ban	development	in	Tartu	is	currently	characterized	by	urban	sprawl	due	to	factors	such	
as	 the	 lack	 of	 cooperation	 between	municipalities	 around	Tartu	 (leading	 to	 dispersed	
urban	 development	 in	 surrounding	 municipalities),	 and	 competition	 between	 neigh‐
bouring	 municipalities	 for	 new	 development	 (Große,	 Groth,	 Fertner,	 Tamm,	 &	 Alev,	
2015).	At	the	national	level,	the	Spatial	Plan	for	Estonia	emphasises	the	relevance	of	set‐









the	city	 in	order	 to	 limit	urban	sprawl	and	reduce	the	demand	 for	 transport.	Planning	
policies	seek	to	restrict	decentralization	and	to	promote	new	development	in	areas	that	
are	close	 to	public	 transport	 routes	 (Mäkinen,	2014;	Fertner	et	al	2015).	A	mixture	of	
land‐uses	is	promoted	in	order	to	decrease	the	need	for	mobility	and	to	increase	the	lo‐
cal	 quality	 of	 life.	 In	 addition,	 infrastructure	 for	 more	 sustainable	 modes	 is	 being	
planned,	although	this	is	not	yet	well	developed:	there	are	currently	only	a	few	hundred	
metres	of	segregated	cycle	path	in	the	whole	city.	While	the	city	of	Turku	aims	to	limit	
urban	 sprawl	 and	 focus	 development	 in	 the	 central	 areas	 of	 the	 city,	 the	 fragmented	
municipal	 structure	 around	 Turku	 is	 currently	 thwarting	 this	 ambition.	 Neighbouring	








Urban	 form	 and	 transport	 energy	 consumption	 are	 inextricably	 linked.	 As	 a	 conse‐
quence,	spatial	planning	is	at	the	heart	of	the	challenge	to	achieve	more	energy	efficient	
cities.	 Spatial	 planning	 typically	 has	 long‐term	 impacts.	 Nevertheless,	 spatial	 planning	





pact	 development	 can	 reduce	 travel	 distances	 and	 the	 need	 for	 motorised	 transport.	




to	 bring	 housing	 closer	 to	 jobs	 and	 shopping;	 designing	 street	 networks	 that	 provide	







Larger	 settlements	 can	 be	 provide	 an	 opportunity	 for	 greater	 self‐containment	 (alt‐
hough	necessary	settlement	size	–	what	 is	 large	enough	‐	 can	vary	between	countries,	
depending	 e.g.	 on	 specific	 geographies)	 and	 a	mix	 of	 uses	 offers	 access	 to	 a	 range	 of	







and	 non‐residential	 development	 (employment,	 leisure	 and	 retail).	 To	 promote	more	
sustainable	energy	efficient	travel,	the	aim	should	be	to	locate	development	where	trav‐
el	 generation	 is	 likely	 to	 be	 reduced,	 such	 as	 locations	 where	 there	 is	 good	 public	
transport	 accessibility,	 or	 close	 to	 existing	 centres.	Development	 locations	which	may	
encourage	 long‐distance	 journeys	 by	 car	 should	 be	 avoided	 (e.g.	 junctions	 of	 main	
roads/motorways).	
	
Development	 patterns	 should	 be	promoted	which	 support	 public	 transport	 usage	 and	
discourage	the	use	of	the	main	road	network	for	short,	medium	and	long	distance	travel	
(e.g.	 commuting).	Major	new	developments	should	be	 located	near	 to	public	 transport	




The	density	of	development	 should	be	high	but	 consistent	with	 local	norms.	Develop‐























































































tics	 are	 summarised	 in	 Table	 4.2	 which	 contrasts	 less	 energy	 efficient	 development	
(‘sprawl’)	 with	 more	 energy	 efficient	 development	 (‘smart	 growth’).	 Spatial	 planning	







































































































































































































































































































































































































































































































Stove X        
Central heating in housing estates  X       
District heating (DH/CHP)  X X X X X X1  
District cooling  X X3 X1  X   
Shallow geothermal – ground source 
heat pumps 
X X  X X    
Deep geothermal energy   X      X1  




X X X X X X 
Wind  X X      
Biogas from waste   X X  X X   
Waste incineration  X    X2   
Potential 
 Micro CHP 
 ‘Surface energy‘ e.g. Bicycle lanes 








































































































































































































































































































































































































































ties	where	development	 can	draw	 its	 energy	 supply	 from	decentralised,	 renewable	or	
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